Introduction
For all mammalian species, becoming a mother involves remarkable behavioral change driven by a combination of neuroendocrine and experiential factors. Considerable research has been devoted to understanding the neural mechanisms of maternal care in rodents and primates. For a small minority of mammalian species (6%), including humans, fathers play a significant role in rearing young [1, 2] . Less is known about the neural and hormonal mechanisms of paternal care but the limited available evidence suggests that mothers and fathers might recruit similar neural circuitry, hormones and neuromodulators in the service of parenting behavior (Box 1).
There is an increasing body of literature showing that structural, electrophysiological and molecular changes occur in the maternal and paternal brain. These include modifications not only in brain areas known to be involved in the control of parental behavior, but also in regions not traditionally associated with parenting, but that are instead more widely known to be involved in cognition and mood regulation. Here we highlight maternal and paternal influences on neuroplasticity in two such brain regions, the hippocampus and prefrontal cortex (PFC). We also consider the complex role that hormones and environment play in mediating the impact of parenting on these brain regions and discuss the potential functional consequences of these changes.
Identifying how the brain changes in response to parenthood could be important to better understand mood disturbances, including depression, which are known to be prevalent in new mothers and, as suggested by recent studies, in fathers as well (Box 2). Postpartum mental illness is often associated with inadequate child care, which has been linked to impaired cognitive and emotional function in offspring [3-5], including increased likelihood of developing anxiety and depression later in life [6] . Elucidating the influence of parenting on the brain could also be critical for ensuring the long-term health of offspring.
Behavioral changes that define parenting
The postpartum period is a time of dramatic behavioral changes for all mammalian species. In rodents, females that were previously unresponsive or aggressive toward pups engage in an elaborate repertoire of caregiving activities at birth and postpartum that includes cleaning the pups, eating the debris of birth, nursing, nest building, licking and grooming, pup retrieval, assuming a nursing (i.e. arched back) posture over the pups and increased aggression toward intruders. In nonhuman primates, maternal behavior includes nursing, infant carrying, grooming and defending the infant from danger. The emergence of maternal behaviors is stimulated by contact with offspring and a complex array of endocrine changes (Box 1). Maternal experience and the accompanying hormonal alterations affect various measures of neural plasticity in numerous brain regions such as the hypothalamus [7, 8] , amygdala [9] and olfactory bulb [10] , areas that are necessary for the full expression of maternal behaviors [11] .
For most mammalian species, raising the young is accomplished exclusively by the mother, but for a small minority fathers play a role. Among species in which paternal care occurs (Box 3), there are two general social strategies -a biparental strategy in which the motherfather dyad care for the young and a cooperative breeding strategy in which caregiving is shared by the mother, father, older siblings and sometimes unrelated adults. Regardless of whether the species engages in biparental or cooperative breeding, paternal care typically involves the same behaviors as maternal care, with the exception of nursing. Evidence to date suggests that the neural circuitry underlying paternal behavior is similar to that for maternal behavior (Box 1) in that the same brain regions seem to be activated when fathers and mothers have contact with infants. Moreover, many of the same hormonal changes that accompany the postpartum period also occur in fathers that display parenting behavior (Box 1).
Maternal and paternal experiences also influence brain regions that are known to be either unnecessary for the behaviors directly associated with parenting or only involved in a modulatory way. Among these are effects on brain regions associated with cognition and mood, including the hippocampus and PFC (Figure 1 ).
Parenting and the hippocampus
Lesions of the hippocampus have minimal effects on maternal behavior [12, 13] , but this brain region is nonetheless 
